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Abstract
Based on gauge/gravity duality, we come to recognize that the lightest glueball is
unstable, and predict three predominant modes of decay inherent in this particle.
The existence of hadrons made of gluons alone, now known as glueballs, was predicted
at the dawn of the age of quantum chromodynamics [1], [2], [3]. However, these particles
have not yet been observed with certainty.
The lightest glueball, a colour singlet of two gluons, is specified by zero total angular
momentum, and positive parity and charge parity, JPC = 0++. According to lattice and
sum rule calculations, this particle has mass in the range of about 1− 1.7 GeV [5], [6]. Is
the lightest glueball stable?
The situation with stability of conventional hadrons is various: the lightest meson, pi0,
is unstable, while the lightest baryon, p, is stable at least within the interval of ≈ 3 · 1033
years. This dissimilarity may be attributed to the conserved baryon number responsible
for the stability of protons, and the absence of similar conserved quantum numbers from
meson states.
One may reason that there is a set of hadrons which is smaller in mass then the lightest
glueball, and hence the decay into these hadrons is inevitable. However, the possibility
that there exists a conserved charge, say a topological charge, which affords protection
against the decay of the lightest glueball, must not be ruled out when it is considered that
the analytical and topological properties of exact solutions of pure Yang–Mills theory are
still poorly understood. One further argument in support of stability is that glueballs are
immune from the electromagnetic and weak interactions because gluons are not involved
in these interactions. As to the strong interaction of glueballs, this is more subtle issue.
Hadrons are colourless objects. Nucleons are assembled in nuclei by a residual color
interaction similar to the van der Waals force between neutral molecules. In contrast, a
theorem by Coleman [4], stating that there are no finite-energy solutions to the classical
Yang–Mills equations without external sources, suggests the lack of classical backgrounds
for glueballs, and with it the absence of the residual colour interaction between a glueball
and its environment.
Is it possible to clarify this problem without going into details of the non-perturbative
glueball structure? With this aim in view, it would be well to make use of gauge/gravity
duality [7], [8] which holds that a good part of subnuclear physics in a four-dimensional
realm is modelled on physics of black holes and similar objects (black rings, black branes,
etc.) in five-dimensional anti-de Sitter space whose boundary is just this four-dimensional
realm. This approach was reasonably successful in the description of the glueball spectrum
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in agreement with lattice calculations (see, e. g., [9] and references therein), but seems to
omit the discussion of the stability problem. In an effort to discriminate between stable
and unstable microscopic systems, the following criterion was recently formulated [10]: a
system is stable when its dual is an extremal black hole.
At first sight, the converse is also true, that is, if a microscopic system is unstable,
its gravitational counterpart is a black hole of regular type amenable to evaporation by
Hawking radiation. The fact that all neutral spinless mesons are unstable seems to count
in favour of this statement. The instability of such systems is associated with the absence
of extremal black objects among their counterparts, which are typically Schwarzschild
black holes. This feature is to be shared by the lightest glueball.
Actually, there is no well-defined mapping between a particular unstable microscopic
system and its associated evaporating black object. To see this we refer to the fundamental
quantum-mechanical principle which maintains that all microscopic systems of a given
species are identical and indistinguishable. For the distinct mapping to be attained, their
gravitational duals must exhibit identical properties, in particular equal masses. However,
given two black holes of equal masses at a fixed instant in a particular Lorentz frame,
we will find that their masses are different in other frames. Indeed, if two black holes
are synchronously evaporated as viewed by some Lorentz observer, the synchronization
of the rates of their evaporation fails in going to other frames because the simultaneity of
separated events is frame-dependent.
Imagine for a while that only a single Schwarzschild black hole is in a five-dimensional
anti-de Sitter universe, or, else, the gravitational impact of the remaining objects may
be disregarded for one reason or other. The geometry of this black hole has the greatest
possible spatial isometry group, SO(4), equivalent to SO(3)×SO(3), which corresponds
to exact chiral SU(2)L× SU(2)R invariance of quantum chromodynamics with Nf = 2
flavours. Since this SU(2)L× SU(2)R group is spontaneously broken down to the isospin
group SU(2)V , one may expect that the dual SO(4) symmetry is also broken down to
SO(3). Therefore, Schwarzschild black holes in five-dimensional anti-de Sitter space are
to be amenable to spontaneous splitting into black objects whose symmetry is limited to
SO(3), such as spinning Myers–Perry black holes [11].
An apparent objection to this statement is that the Schwarzschild geometry is stable
against small perturbations, and hence the Schwarzschild black hole splitting is unfeasible
in the classical context. However, the case in point is a quantum tunnelling. Let us recall
that particle-antiparticle pairs, AA¯, can be spontaneously created near the black hole
horizon. One member of a virtual pair, say A¯, falls into the black hole while its partner
A escapes to infinity. We recognize Hawking radiation in those processes of pair creation
and the subsequent particle escaping. Note that A and A¯ may be spinning particles, and,
furthermore, they may be spinning black holes. After absorption of A¯, the Schwarzschild
black hole S becomes a spinning black hole Sspin, and so the output of this process is two
spinning black holes, Sspin and A.
By the duality argument, an unstable neutral spinless particle has to decay into two
spinning particles. However, this rule bears no relation to a large body of real decays.
The eloquent counterexample is the decay of neutral kaons into pions.
And yet the rule is valid if a major part of ways for decaying of the particle is forbidden
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(suggesting that its gravitational counterpart is somewhat isolated). To illustrate, we refer
to the facts that the lightest neutral spinless meson, pi0, decays into two photons, and the
lightest scalar particle immune to the electromagnetic and strong interactions, the Higgs
boson H0, decays into pairs of heavy fermions (bb¯, τ τ¯ ) or gauge vector bosons (W+W−,
ZZ, gg, γγ). The lightest glueball is likely to fall into this category.
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Figure 1: Decay modes for the lightest glueball. Photons, quarks, and gluons are shown
as the sine waves, oriented lines, and spirals, respectively. The outgoing vector mesons,
composed of quarks and antiquarks, are represented by couples of antiparallel rays.
To be more precise, we assume that there are three predominant ways for the lightest
glueball to decay, Figure 1. Diagram (a) represents the decay mode whose outcome is
a pair of truly neutral vector mesons, ρ0ρ0, or, alternatively, ωω. The masses of these
particles are, respectively, mρ0 = 775 MeV, and mω = 783 MeV. Diagram (b) displays
the outcome as a photon and a truly neutral vector meson, which may be given by either
ρ0 or ω, or φ (mφ = 1019 Mev). Diagram (c) sketches a two-photon decay mode. The
ratio of probabilities of these modes can be roughly estimated as ≈ 1 : α : α2, where
α = e2/~c ≈ 1/137 stands for the fine structure constant.
It is commonly supposed that the glueball field mixes with the quark-antiquark fields,(
uu¯+ dd¯
)
/
√
2 and ss¯, to form the experimentally observed spinless isoscalar resonances
f0(980), f0(1370), f0(1500), and f0(1710) whose masses are in the range of about 1 − 2
GeV. The great majority of current studies of this subject pivots on the mixing problem
(see, e. g., [5], [6] and references therein). Note that these resonances decay into two
spinless particles, pipi, KK¯, ηη, and ηη′ [12]. Our main concern, however, is with the
properties of the lightest glueball in its pure states. If it is granted that this entity can
be created, its decay into two vector particles is expected to dominate over other decay
modes.
It remains to be seen whether the lightest glueball in its pure states could be actually
produced. A credible speculation is that the depth of quark-gluon plasmas may have a
beneficial effect on such a production. Indeed, the formation of a mixed state from |gg〉 and
|qq¯〉 is promoted by the fact that |gg〉 and |qq¯〉 are close in their masses. For this to happen,
the quarks must be dressed, and the |qq¯〉 must be a hadronized state, and conversely the
proximity of masses bears no relation to the states |gg〉 and |qq¯〉 formed in quark-gluon
plasmas. In this instance, the restored chiral symmetry renders quarks massless. On
the other hand, according the Coleman theorem [4], the quantum construction of |gg〉 is
the same in any circumstances, whether they refer to the quark-gluon plasma or hadron
context. The mixing is apt to be suppressed in quark-gluon plasmas. Therefore, it is a
lump of quark-gluon plasma formed in a collision of heavy ions which is expected to create
the lightest glueballs in their pure states to exhibit the three modes of decay unique to
these particles.
We are grateful to Professors Wolfgang Ochs and Vicente Vento for useful discussions.
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